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QRNEGT
To determine the sumceptiblility to fungus growth of polyvinyl
chloride fiime plasticiged with dibulyl sehacate, dloctyl phthalate,
and butadiens-acrylonitrile, and to determine the affect of the fungus
growth on the tenaile strenglh and parcentage elongation of the plastic

filma.
LAY
Fungus resistance and tensile strengih teats were conducted on

polyv.niyl ohloride plestic films formulated with thres plastioisers:
The film with dibutyl sebacatm us the plasticiuer was very sus sptitie
to Aspergilius flavua and to & species of Penioillium and Trioh term,
The dibutyl sebacate plasticisec film whidi was inooulated with \ e
speciss of Trichoderme showed a large increase in the tenalle strugth
and a significant decrease in Lhe parcentage elongation. Tne increase

in tensile strength is attributs2 to the removal of the pluctioiver from
the film by the mold.

The polyvinyl chloride films formulated with diootyl phthalate or
butadiene-acrylonitriie aé Lhs rlasticiszers showed cnly slight sussepti-
bility to the snecies of Trichoderms used. ' “he end of a 6 weeks' in-
cubation perlod, the two plastic fllss exhihbited only insignificant
changes in the teneile sirenyin and percentage slongaticn.

In 80 fo: as resistance to fungl is concernsd, it is concluded that

dioctyl phthalate and hutadiene..acrylonitrile are satisfactory plasti-
cisers for this polyvinyl chloride plastic formulation.

AUTHORIZATION
00 471.873/6%, CKDTM. FA 471.8732/565%, 20 Ost 1948
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1. INTROINGTION

Plastic films were cast from thres formulations containing a mix-
ture of polyvinyl chloride resin, plusticizer, polarised oil, 1light
inhibitor, and methyl lsobutyl ketone. These disperaions were pre-
pared by a new method involviny eleotronic heating., The polyvinyl
shloride diapersion in used hot (80°C-100°C). After ossting, the
filom were aged for two weeks at room temperature to allow the encane
~f solventn.

Ths intended umse of the palyvinyl chloride dispersion is as & hot
dip to clcee perforatlons in cartridge camea. Since it is desired
that the plastic be fungus reaistent, the film plasticized with dibu-
tyl aebacate, the firat film availabls, wes tented for suecent ibility
to muld and posaible funpiatatic properties (Test 1). Additlonnl
iolyvingl chloride plestine plasticized with diootyl phthalate, or
putadiene-acrylonitrile were also rated for their sunceptibility to
Trichoderna sp. and tie of fact of such 20ld prowth on the Lenoile
strength and percertage elongmtion of the films (Tests 2 to A4, ‘nolu-
sive). ha plustic formulationa containing dibutyl sebacate or dice-
tyl phttulate had 20£ nolida. The third formulation containing
butadiene~uorylonitrile plasticiver had 1%L molids.

Dumb-be1l specimens GV lone (Fig &), having a comstristion Miz"
wide snd 2" long, were cut from t.he cast films with a meial dla.

The dumb-bell apecinens wsre then conditioned at room teupe rature
for an sdditicnal twe weeks prior to exposure to muld tLests.

11, MSTHODS AND RESULTS

A. Susceptibility to Mold Growth und Fungistatic Properties of
z Polyvinyl Chloride Fllm Plasticigzed with Dibutyl Sebacate
Test 1).

Forty-nl portionn of minerui salts apar( 2)wit.h and without
14 dextrose were foursd into 16-ounce square bottlos. The bottlea

(l)l"udonl dpecificut lon Z22-R401a, 25 June 1940, "Hubber Goods | lien=-
eral 3poac ifieatlonn (Lethodn of Phynival Teats and Chemianl Analysea),"

()) KQHIU[. ()r7 V.o F(’JU["'?“"O Oo()Oa’ Hc
kil PO, 0.7 NGOy, “THA0 0.002
MgBOy 71,0 0.7 Mnio, M0 0.001
NI, N, 1.0 awar (Difso) 15.0
Nac 1., 0.00% Dint.{1led water  1000.0 ml



containing thw medium wore steriliged at 15 lbs pressure for 20 min-
utes and placed on their sides. The pH of the sutoclaved dextrose-
free medium was 6.4« Six-inch tensile specimens ol the plastic film
plastioised with dibutyl aebacate wers placed on the solidifisd medi-
um in the bottles (Fig 14).

Three day old cultumse of Penicillium sp. U.8D.A 1336.2,
Trichoderms sp. ¥A 69, and Aspergillus flavus SN-3 growing on Difsc
fotato dextrose agar were used ss a source of inooulum. Spore sus-
pens ions were prapared by ssraping Lbx aporulating surface of Lie
culture with a flsmed platinum needle and depositing the spore charge
into flasks containing glass beads and 25 ml sterile distilled water.
The flasks were agitated to breek up spore olumps,and the spcoimena
wers inoculated by pipetting 1 ml of the pure suspensions cnto the
surface of the apeoimai and the agar medium. Four samplea were used
with each typs of agar and four sampies served as uninoculated gon-
trols. The hottles containing t's samples were incubated for 3 weeks
in & gonstant, temperature room maintained at 29.4°C & Ge6*C.

Table I shows that the molyvinyl chloride pimstic plasticized
with dibytyl eabacate ia very susceptible to 3 species of fungl when
incubated on a non-nut rient mineral aslts szsr. In this test, the
source of carbon for Lthe growth of the fiael 4., furnished by the
plastis sampla. The Mation=) Buresu of Standarda and the Britieh
Miniatry of Supply 3) have reported that pure polyvinyl chloride resis
is not susceptible to funml growth. Dibutyl asbacate hae been re-
ported by w Nat ional Bureau of Standards and the Naval Aesearch
Laboratory as moderately susceptible tn fungi. The extreme sus-
coptibility to fungus growth of this plaatis forrulation is attributed
to the plast.icizer,

The specimena incubated on the mineral 2slts agar with 1%
“extrose produced no inhibition of fungus growth on the nsilum ov
on the edges of the spocimens. This plastic formulation is therefois
considered not fungicidal,

B. Susceptibility to Trichoderma wp. and the Effset of i3 1id
Urowth on the Tenoile Strength and Perventage klc gation of
Polyvinyl Chioride Films Plasticived with Three Plastisigers.
1o Dibutyl Sebacnte (Teat 2)

o debor dne the affeact, o f funpun prowh on the tenalle
ateenstbheof bie polyvingl ehloride £ilm plast loived with dibutyl

(”:;unmury Tactnleal fmport. of the Tropion] Leterioration Administrative
Committane, NDIC, "Troploal Leterforatior of Equipment and Matnrialan,
Yol 1, Chaptar 8§, 1940



sebacate, 18 six-inch dum. Sell test strips of the plastjo film were
placed on solidified non-nutrisnt mineral salts agar in aquare bottles,
as desoribad under Teast 1. Inooulation of the test strips was effectsd
by pipetting ume ml of an aqueocus spere suspension of Trichoderma sp.
YAb) onto the specimens (Table IX, Group A),

An experimsnt was also conducted to detsrmine the effect of
tha incubation method, in the absence of fungus growth, on the tensile
strength of the plaastio strips. A pellet (approximately 0,13 gms) of
paraformaldehyds, s volatile fungicide, was placed in & 10 ml beaker
snd added to each square bottle containing the solidified minersl salts
agar (Table II, Group 3). The 17 plastic samples comprising this group
were not inooulated, DUcih groups of plastic strips were incubated for
LL days in a constamt temperature room maintained at 29.4°C & 0.6°C,

Table II shows that the strips of polyvinyl ohloride plas-
tioined with dibutyl ssbacate (Group A) are very susceptible to the
apscien of Trichoderms. Maxizum mold growh cn tha samples incubated
wit hout & fungioide c~suprred afisr a two wesk period of inoubation,
Figure 1B show that the dibutyl sebacate plasticised film is ocovered
with a derae fungus mat after 3 weeks' incubation.

Tia fungicide, paraformldehyde, wae not completely effen-
tive in inhibitirg the srowth of comtaminailing molde present on the
plastio stripa. Five of the samples had =1li;n t2 heavy mold growth.
Kore recert work wilh progy’<is oxide as a mold-inhibiter for slectri-
cal paper tupss incutated in square bottles shows this chamical to be
a4 nore of fective volatile fungloide.

At °  end of the incubation period both groups of samples
were removed from the bottles. The dunb-bell test pisces were dipped
in a 0.)% agueous solution of mercuric chloride for 2«3 mimutes, rinsed
ir. tap water, and dried at room temperature for 24 hours. After condi-
tioning for 48 hcurs at 25°C & 1°C and 50% 2 2% relative humidity, the
tenaile strength ard percontage elongation were determined with a Scott
Tenslie Tester. Table I7 lists the tansile strergths =znd percentage
elongations of the plastic samples. The dumbebell sirips inoculsted
with the speciss of Trichoderma (Group A) had a mean tensile strength
valus of 3462 1bs per aquars inch, as compared with 2119 for the un-
inoculated, unincubated controls (Group C), and 1833 for ¢l uninoc-
ulated controls inoubated with paraformaldehyde (Group B). In terms
of percentage change, Group A had inoressce of 88.6% over Group B
contrals {incubated with pmraformaldehyde) and 66.4% ovar Group
controlas anot inoubated), The hrf’ inorease in the tensile =trangth
of the specimens with mold growth is probably due to the removal of
planticizer by the apacies of Triohoderma umed, Based on Student'y ¢
tabls, all thwee gains are signifiocant at the 0l level, Additioml
avidence that muld growth produceas an increase in tensile strensth
may be seen in Table ]I (Group B)., The plastio strips that had mold
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owth in Group B also hu. the highest tensile strength valuss. The -

redse in t.hr tensile strength of thu plastics inooulated with the
species of Trichoderma may be attributed to the destruction or absorp-
tion of the plastioiser or some other aonstituent of the plastic fila
by the species of mold ueed.

The plas.io samples incubated with the pareformsldehyde
had & loss in tensile strength of 13.5% se compared with the uninosu-
1ated and uninoubated controls. Based on Studert's % table, this loss
is not significant at .05 level as P=,08. However, if only those
uﬁ« which did not. have mold growth (Table IX, Group B) are inolud-
od in the aaloulations, the loss in tensile strength is 26,98 over the
uninoubated controls. This loes is significant at the .Gl level and it
appears that the pareforsaldehyds did have an effect on the tonailn
strength of the plastis film.

The plagtic dumb=bell specimens inoculated with the speciss
of Trichoderma had a mean percentage elongaticn of 112,9% as conpered
to 32.9% for the unincubated ccatrols and 280.9% for the uninooulated
comtrols incubated with the paraformaldehyds. In terms of peroentage
ohange, Group A had a loss of 59.8% over Group B controls and 67.1%
loge over Group G controls. Tis specimena inoubsted with the pare-
fora * ishyds had » loes of 18.1% over Oroup O controls., If only those
sanplus free from moid gromth (Table II, Urvup ) are included in the
caloulations, there is a loss of 18.6% in jercuntage elongation, Dased
on Student's t table, =11 t%z lesces are signifiocant st the 01 level,
The losses in pesrcentage elongation of the plastic film inosulated with
the speocies of Trichoderma may be attributed to the removal of plasti-
oiser by the fungi.

2, Dioctyl Phthalate (Teat 3)

S8ince the polyvinyl chloride plasticised with dibutyl
sebacate was found very susceptible to mold growth in Test 2, a formu-
lation containing diootyl phth.lz” as tlw plasticiser wae obtained.
The Mational Bureau of Standa.ds found diootyl phthalate resistant
to mold growh, 8ix-inch dumb=hwll tensile specimens of the plastis
film were placed on mineral salts agar and inoculated with Trichoderma
op. PAS9, as described in Testo 1 and 2,

Table I1I shov., the suscoptibility of the polgvinyl ohloride
plasticised with diocty) phthalate to mold growh after the 6 week period
of inoubation. The er.ent of mld growth on the films varied from none
to slight (7ig 2). ‘vhe substitution of dioctyl phthalate for dibutyl
sebaoatc deareased the susceptibility of the polyvinyl ochloride to mold
‘m“ho

Tenalle strength teste wors conduoted on the oconditioned
plastioc atrips, ss desoribed in Test 2. Tuble III lists the tensile

IR



strength and porconmtage elonmtion of the plustic stripa uninoculated
and tnooulated with tie apecles of Trishoderna, The dumb-be]l tensile
atrips lnoculnted with mold had a mean tonaile strength value of 2124
1bs per ajuace fnch, ay compared with a valus of 2264 for the uninoc-
ulated ard unincubwted coatrola. In Lerms of percentage change over
the unincubated controls, the plaatics inoculated with the mold had a
(.26 lona In Lonalle awtroanrth, Bamed on Student's t table, this loas
18 not albgnificant nt Lha .01 leavel but significart at. .05 level,
Thors wan a L.8% loan tn the wwan percentuge elongation of the speci-
mina inoculated with wold, This lons 1a mt significant at the ,05
level,

3. Butudiene~hcrylonitrils (Test /)

The pluatic film plasticlzed with dioctyl phthalate also
had propurties which wors undesimibls for {ta intended use., A furmi-
lution wam, therafors, obtained which had about, 508 polyvinyl ohlenide
and 0% butadlene-scrylonlteile ey the plusticlzor, Ths asvlide wiwu.it=
od te 150, No luformution Le avallable on the fungus renistance of thias
plaaticizer, Duuir-boll tenalle specimens of Lhis plastic were inogulat-
od with the myectes of Trichodorms and incubabted on mineral salts agar,
as doscribed in Tesl 2,

The substitution of but.dlene.acryionitrile for diootyl
phthalate an 4 plasticlzer ala not lncrease the suscepiriviiity of the
plastic film Lo mold growth (Tuble 1V), In Flg 38, the tensile plaastic
.3trilp hus o trice of prowh of the apeclies of Trichoderma., Table IV
ulso llsts Lhe tenslle streangth and percentage elongation of the gpeci-
mans nninoculated and inoculsted with mold, The mean tensile strength
of tha specimens inoculatad with the Trichodearmn wam 9.9% higher than
the unincubnted controls. This gain in tenalile strengih 19 significant
at. the .05 Jevsl but, not. significant st the 01 level, There wes no
signiflcanmt dlifferance in the msan pementage elongation batween the
inoculatzd spocloma und the rontrnle,

LI, CONGLUSTONG

L. i polyvingl chloride f4lm plasticlved with ditmby” sebaeate
In Wby sumcept il Lo wold prowth,  The mold growhh produces a
Inrpe increans o Lhe topnile gbranpth and A larpe decrensa in the
poreartape wlonpgntbon o thae plant ye Tilm,

Joo Pelyving! ehlocide plastie Chlme plagt retomd with dioctyl
phthalate o babtahieon o eylantter e oy o copsldorod mold-inert,.
Tha ilen plasticizod wilh thoan Lwo plaaticivars hnd no appreciable
change in Lhe toon ble b congbh and percantaps olomgat Jon after 6 woaks!
tucabat, b wit b the e do of Telehodapm,



Tadlk 1
3uaceptibility to Mold Orowth of a Folyvinyl Chloride Plasgtio Film Con-

talning Dibutyl Sebscate as the Planticizer and Inoubated at 29.4° £ 0,6%C
for 3 Weeks on Mineral 3alt Agar Without and With 1% Dext.rose

Medium

M-lineral 3alte Agar
Inoouluted D-Mineral Salts Agar  KExtent of Mold Growthl
with ~ plus 1€ Laxt rose (Ave rage of 4 samples)

Uninoculrtad Contml

Pentoillium sp. USDA

Trichoderma sp., PAGY

Aspergillus flavus 5N=3

(= ox o = o=
Laadh II W & W

1 code for fungus growtht
1 = up to 10K of surface moldy
2= 108 to 406 " v "
Jou0Bto sk m
L = 75% to loOg" ¢ "
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